Summary. Tetraploidy was increased in skin fibroblast cultures grown in the laboratory at the same time under the same conditions and derived from 2 probands with the Gardner syndrome and 9 affected members of one family as compared to that occurring in cultures from 5 relatives by marriage and 10 normals. Tetraploidy was present at the first subculture (2 weeks after the initial biopsy was cultured), and for each line studied the percentage of dividing cells showing tetraploidy remained constant.
Summary. Tetraploidy was increased in skin fibroblast cultures grown in the laboratory at the same time under the same conditions and derived from 2 probands with the Gardner syndrome and 9 affected members of one family as compared to that occurring in cultures from 5 relatives by marriage and 10 normals. Tetraploidy was present at the first subculture (2 weeks after the initial biopsy was cultured), and for each line studied the percentage of dividing cells showing tetraploidy remained constant.
The relation of the observed tetraploidy to the increased risk of such patients to develop abnormal growths and cancer has not been established. The increased tetraploidy should be of value in identifying the presence of the gene for the Gardner syndrome in high risk families.
Determination of the inheritance of an autosomal dominant disorder may not be possible until clinical signs appear. For both clinical management and genetic counselling in families whose members are at risk for such autosomal dominant disorders, it would be beneficial to be able to detect the presence of such genes before their clinical expression.
The Gardner syndrome is such an autosomal dominant disorder characterized by four abnormal growths (multiple intestinal polyposis, ostemoas, fibromas and sebaceous cysts) (Gardner, 1972; Pierce, 1972 
Subjects and methods
Two probands with the Gardner syndrome and the family of one of these probands (No. 2) with 9 other members with the Gardner syndrome and 2 unaffected individuals in 3 generations have been studied (Table I ). The diagnosis of the Gardner syndrome was made in each individual on the basis of the presence of skin growths by physical examination, bone lesions by x-rays, and colonic lesions found on colonoscopy followed by microscopical examination of colonic biopsies (Gardner, 1972; Pierce, 1972) .
Split thickness biopsies were taken without anaesthesia from the extensor surface of the upper arm from the 2 probands, 11 members of the family, and 5 members by marriage as well as 10 normal, unrelated individuals age matched to the family members. The proband of the No. 2 family was biopsied three times in a 6-month period. Each biopsy was cut into 2 parts so that duplicate cultures were set up and grown in 2 different CO2 incubators.
The establishment of the cell lines from skin biopsies by standard culture methods (Danes and Beam, 1969) (Chu and Giles, 1959) in an atmosphere of 5% CO2 in air. The pH of the medium was kept between 7.0 and 7.4 during the culture 52 Two slides of each chromosome preparation were made on 2 different cultures at each subculture examined. Mitoses on the entire slide were examined as it was found that bias could be introduced if only part of the slide was studied. Only if more than 50 mitoses were counted per slide was the preparation considered to reflect the mitotic activity of that cell line.
The number of chromosomes in each dividing cell was determined. Tetraploidy was recorded (Table II) (Table II) .
As compared with normal cultures, the cultures derived from the 2 probands showed increased tetraploidy at the first subculture. The In the family studied ( Fig.) the cultures derived from the 10 clinically affected patients had 11 to 31% of the dividing cells showing tetraploidy. There appeared to be no correlation between the age of the affected subject, the clinical expression of the Gardner syndrome, and the degree of tetraploidy in the cultures (Tables I and II) As 3 cell systems (bone, gastrointestinal tract, and skin) show abnormal growths in the patient with the Gardner syndrome (Gardner, 1972; Pierce, 1972) , it appeared that any somatic cell with the Gardner gene might manifest a cell marker which would identify the presence of this gene.
Colonic polyps without evidence of neoplastic changes from patients with the Gardner syndrome have been reported (Mark et al, 1973) to show chromosome abnormalities, including tetraploidy, similar to that reported in this paper for the cultured skin fibroblast with the Gardner genotype (Table II and Fig.) . In the family studied in detail (Fig.) IV.5 had no skin lesions and the presence of colonic polyps was questionable. The cultures from this individual showed 31% tetraploidy, whereas those from his sister who had both skin lesions and colonic polyps at 11 years of age showed only 17% tetraploidy. Therefore, the degree of clinical expression of the Gardner gene did not influence the presence of, or the degree of, tetraploidy observed in the cultured fibroblasts.
Since the biopsies were taken from areas of the skin which did not have sebaceous cysts or fibromas, the cells represented somatic cells before any abnormal growth activity. As Knudson, Strong, and Anderson (1973) proposed that every human cancer occurs in a genetic and a nongenetic form. In the genetic form, the mutation predisposes the cell to a subsequent change which results in alterations in cellular functions resulting in malignant growth. The observations presented above suggested that the cell with the Gardner gene is predisposed to tetraploidy when grown in culture.
Chromosomal instability has been observed in some rare autosomal recessive disorders associated with increased risk of cancer. Chromosome instability was reflected in the cultured cells in the Bloom syndrome by a high frequency of chromatid interchanges and rearrangements (German, 1969) , in Fanconi's anaemia by chromatid gaps and breaks (Schroeder and Kurth, 1971) , and in the Louis-Bar syndrome by chromosome breakage (Hecht et al, 1966) . The cultured skin fibroblasts from the Gardner syndrome showed no increased tendency for chromosome breakage or rearrangements similar to that seen in these 3 disorders. In xeroderma pigmentosum, the cultured skin fibroblasts showed pseudodiploidy with reciprocal translocations (German et al, 1970; German, 1972) , whereas in the Gardner syndrome the cultured cells showed tetraploidy or hypotetraploidy.
In endoreduplication, chromosome replication occurs without an intervening mitosis resulting in a tetraploid nucleus. Endoreduplication occurs in cultured cells from normal individuals but at a very low incidence (Obe, 1965; Turner and Wald, 1965) . The percentage of tetraploid cells has been reported to be below 60% for fibroblast cultures derived from normal individuals (Todaro and Martin, 1967) . In the 10 lines studied from normal individuals in the present study, 1 cell with endoreduplication was observed in 2000 divisions examined and tetraploidy was present (0 to 4%,") (Table II) .
In cultures derived from patients with such chromosomal abnormalities as trisomy 21-22, the percentage of cells showing heteroploidy has been reported to be increased (Ferrier and Ferrier, 1966; Todaro and Martin, 1967) . The cell with the Gardner genotype showed increased tetraploidy, with endoreduplication being observed more frequently than in cultures from normals. Such abnormal divisions would lead to alterations in chromosomal content per cell and probably chromosomal aberrations.
The relation, if any, between the increased incidence of tetraploidy observed in skin fibroblast cultures from patients with the Gardner syndrome and their increased risk to abnormal growths and cancer in all 3 tissues (bone, skin, and gastrointestinal tract) is, as yet, unknown. The increased incidence of tetraploidy in the cultured skin fibroblast should be of value as a cell marker for identification of the Gardner gene in families at risk. 
